AA Ismail, a NJ Beeching, a GV Gill b and MA Bellis c Background Capture-recapture (CR) methods are increasingly used to estimate the size of human populations, including those with diabetes. Few studies have examined the demographic details needed to match patients on the lists used in these techniques, or to determine the optimum number of lists.
Methods
Six lists of known diabetic patients attending different medical settings during the study year were obtained. The effects on total enumeration after aggregation of these lists were examined using increasing numbers of demographic data items as patient identifiers. The CR estimates of prevalence were obtained using 15 different combinations of two lists. Estimates were obtained after log-linear modelling for interdependence between different combinations of three and four lists, and after combining the six available lists into three logical lists.
Results
For matching patients, adding date of birth to first name and family name as matching criteria increased the total of identified patients from 2500 to 2585 (3% increase), corresponding to a period prevalence of 1.5% (95% CI : 1.41-1.52). Addition of further identifiers, such as partial postcode, only increased the estimate by a further 15 patients (0.5%), and more detailed matching with full postcode introduced uncertainty. The use of two-list CR yielded widely varying estimates of the total diabetic population from 1379 (95% CI : 435-2273) to 9554 (95% CI : 7291-10 983). Log-linear modelling using different combinations of three and four lists produced estimates of 5074 (95% CI : 4417-5947) and 5578 (95% CI : 4918-7081), respectively, after compensating for statistical interdependence between the lists used. The appropriate condensation of six available lists into three lists for modelling yielded estimates of 5492 (95% CI : 4870-6285), corresponding to a CR-adjusted period prevalence of 3.1% (95% CI : 3.03-3.19%).
Conclusions
In a Western population, the only demographic data required for matching patients on lists used for CR methods are first name, family name and date of birth, if unique identifiers such as social security numbers are not available. Two lists alone do not produce reliable data, and at least three lists are needed to allow for modelling for 'dependence' between datasets. The use of more than three lists does not substantially alter the absolute value or confidence of enumeration, and multiple lists (if available) should be condensed into three lists for use in CR calculations.
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and there are no changes in the population. In CR studies, two, three or four data sources are commonly used. 3, 4 Estimation of the prevalence of Type 2 diabetes by CR methods is particularly appropriate, as care of patients is typically 'split' between hospital clinics and primary care facilities. To estimate the prevalence of diabetes, the data sources usually used include lists from general practitioners, family physicians or other health professionals, hospital admission or discharges, specialist clinic lists, diabetes registers, prescription lists and membership lists from local diabetic associations. The choice of data sources is important in determining the accuracy of the estimates of prevalence. Issues sometimes arise on how to fulfil the mathematical assumptions, and what will happen if any are violated. 5 The optimal number of data sources that should be used has not been adequately explored. The aim of this study was to examine the effects of using different numbers of data sources, and the effects of using dependent data sources, on CR population estimates, using data collected to estimate the prevalence of diabetes.
Subjects and Methods
The study was conducted in an urban area of North Liverpool with an estimated mid-year population of 176 682. 6 The target population was all known people with diabetes, alive during a one-year study period from October 1995 to September 1996. Diabetes was diagnosed clinically using WHO criteria. 7 The sources of data used to identify patients with diabetes were taken from general practices (GP) in the area, outpatients attending the hospital Diabetes Centre, hospitals, discharge data, patients attending a hospital Retinal Clinic, a research list of stroke inpatients with diabetes, and a list of children with diabetes attending a local children's hospital. The information used to create each of the six lists of patients was family name, first name, postcode, date of birth and sex.
The information collected was entered on to a computer using the database software Epi-Info version 6.04. 8 The analysis used SPSS for Windows 9 and Generalised Linear Interactive Modelling (GLIM) 4. 10 The data were checked and corrected for keypunching errors. Records without the information mentioned above were removed from the list.
Cases were matched by using the patient identifiers (i.e. family name, first name, date of birth and postcode). This was done by using a sort and aggregate command in SPSS for Windows. This process identified cases that appeared on single, double or multiple lists.
Using two-list CR, the total diabetic population with 95% CI can be determined using formulae described elsewhere; 11, 12 For three or more lists, log-linear modelling 13, 14 was used to determine the number of missing cases. The observed number of cases was used as the dependent variable, and presence or absence on each list as the independent variables. The analysis was performed by fitting the simplest model, and continued until a model was found in which the residual deviance (on the c 2 distribution) did not differ significantly from the observed data. GLIM provide fitted values under the model for the number of individuals in each observed category and in the unobserved category. If the model provides a reasonable fit for all the observed data, then the expected value of the 'missing cases' may be extracted directly. These statistical techniques have been fully described and validated elsewhere. 14 The 'missing cases' is the number of cases in the population which have not been captured by any source. The total diabetic population was calculated by adding the number of missing cases to the aggregated cases identified by all the lists.
The 95% CI for missing cases was estimated using a software macro in GLIM. For each value of the interval, the change in log-likelihood above minimum is equal to 3.84. 15 A similar range of intervals was then calculated for the total estimated population. The prevalence of diabetes was determined by dividing the number of cases by the total population in the group or subgroup.
The study was approved by the Ethics Committee of the Sefton Health Authority. Confidentiality of information was maintained all the time. Only one author (AAI) had access to the full identity of patients and this information was removed after the matching procedure.
Results
The total number of people identified as having diabetes from all six lists was 2585. This was determined from a pool of 25 GP lists (1469 cases), the diabetes centre (1252), hospital admissions (454 cases), retinal clinic (351 cases), children's hospital (64 cases) and the stroke database (38 cases). The distribution of the cases between lists is shown in Table 1 .
Matching criteria
The aggregate command in SPSS for Windows was used to match cases between lists, and different numbers of criteria used for matching resulted in differing numbers of cases. Using two criteria (family name and first name), the aggregated number of cases was 2500. Using three criteria (family name, first name, date of birth), produced 2585 cases, using four criteria (adding first part of postcode) the aggregated cases numbered 2600, and five criteria (adding both parts of postcode) produced 2720. It was decided to use three criteria (as above) for the matching in this study. Some cases (85 of 2585 or 3%) will be missed if only the first two criteria (family name and first name) are used. Adding the first part of the postcode made little difference to the aggregated case estimate, and adding the second part of the postcode added 100 to the aggregated case estimate, but this may introduce inaccuracy as some patients moved house within the area, during the study period.
Estimation of known diabetes population
Two lists
Using various pairs of lists, the total number of the known diabetes population was estimated. Data from Table 1 were rearranged into 2 2 contingency tables and the total known diabetes population (N) with 95% CI was determined. There were 15 possible combinations of two lists, which provided different estimates of the total N and the number of missing cases (m), as shown in Figure 1 . It was not possible to estimate the number of diabetic patients using the Children's Hospital list in combination with the other hospital-based lists because children with diabetes in the area are looked after exclusively at the local Children's Hospital and there were no duplicates between these lists. The remaining combinations yielded estimates of N varying from 9554 (95% CI : 7291-10 983) to 1379 (95% CI : 485-2273). As the number of overlapping cases (duplicates) decreased, both the estimated N and missing values (m) increased, and were considerably bigger than the number of cases identified by all lists (2585), with wide CI.
Three lists
Using the General Practice, Diabetes Centre and Hospital Admission lists, the aggregated number of the known diabetes population was 2422. Using log-linear modelling, the first model tested, permitting no interaction between the lists, fitted the data poorly (P = 0.00) ( Table 2 ). Models permitting one interaction were then tested, and also fitted the data poorly. A model permitting two interactions, however (model 3b), incorporating dependency between the GP and Diabetes Centre and the Diabetes Centre and Hospital Admission lists, fitted the data well (P Ͼ 0.05). This was confirmed by examination of predicted values which were all extremely close to the observed values. This showed the interdependence of the Diabetes Centre lists with GP and Hospital Admission lists (i.e. patients seen at the Diabetes Centre were also often on GP lists, and diabetic patients admitted to the hospital were also seen at the Diabetes Centre). Having selected model 3b, the number of missing cases was estimated as 2652 (95% CI : 1995-3525), yielding an estimate of the total diabetic population of 5074 (95% CI : 4417-5947).
Four lists
The total aggregated number of patients identified by four lists (GP, Diabetes Centre, Hospital Admission and Retinal Clinic) came to 2538. Using log-linear modelling, the first model with four lists independent fitted the data poorly, as did models with one, two or three pairs related. The simplest model that fitted Table 1 for description of lists) (Table 3) . The estimated number of missing cases was 3040 (95% CI : 2380-3883), which gave an estimate of the total diabetic population of 5578 (95% CI : 4918-7081).
Six lists
With more than four lists, CR calculations become increasingly complex, and we preferred a six list analysis 'collapsed' into three lists by combining the Diabetes Centre list with the Children's Hospital list (known as Lb), and combining the Hospital Admission list with the Retinal Clinic list and the Stroke Database (known as Lc), while the GP list remains as L1. These lists were combined based on the results of the two-list analysis, and on the basis that they had similar characteristics and would produce more homogenous populations in terms of age. The aggregated number of cases identified by the combination of lists was 2585. These data were cross-tabulated according to the presence or absence of cases in each of three new lists into a 2 3 contingency table.
Once again, a model with two interactions (like 3b above) fitted the data best (P Ͼ 0.05). The estimated number of missing cases was 2907 (95% CI : 2285-3700), and this gave an estimate of the total diabetic population of 5492 (95% CI : 4870-6285).
Prevalence rates
The estimated mid-year population of South Sefton in 1994 was 176 682 (Merseyside Information Services, 1996). The CR estimated diabetic population ranged between 5074 to 5578, depending on the number of sources used in the calculation (Table 4 ). The crude period prevalence rates expressed per 100 of known diabetes, using three, four and combinations of six lists were 1. ). These figures are within the expected ranges of prevalence in the UK and in some parts of Europe, which range between 1.6% and 5%. [16] [17] [18] [19] We used family name, first name and date of birth for the matching process. An attempt was made to use fewer criteria (family name and first name), but this resulted in some patients having similar matching criteria. Overall, adding the date of birth as a matching criterion increased the estimate of cases by 3.6%, and adding the first part of the postcode made little further difference apart from ensuring that occasional patients from outside the study area were not included. This is a smaller difference than was observed in a study in Thailand, performed using data on drug misuse and police arrest. In that study the total number of cases varied by a factor of 45% overall, depending on whether two, three, four or five specific identifiers were used. 20 The choice and quality of lists is a very important factor in obtaining good estimates, but our data show that increasing the number of lists does not necessarily produce significant improvements in prevalence estimates. Analysis using a two-list CR technique can be used as a guide to determining whether lists are independent or not, 21 but two lists on their own are not sufficiently accurate in most circumstances and as with our results (see previously in Results section under 'Two lists'), widely varying and erroneous estimates of population may be obtained, depending on excessive or inadequate overlap. Fulfilling the second assumption of valid CR, i.e. that subjects have an equal chance of appearing on each list, is always difficult, and represents the problem of 'dependency', which is very important-our Children's Hospital list is a good example, as this list is highly independent from all but the GP lists. Children are unlikely to develop retinopathy and therefore will not appear on the Retinal Clinic list, and in our area are admitted to their own hospital rather than the local adult hospital. Similarly, the lists of Hospital Admission and Stroke Database, and Hospital Admission and Retinal Clinic, were positively dependent, so that CR estimates using these were far less than the actual identified cases.
Our results demonstrate interactions between lists, the degree of which may differ in different age groups. In the sex-specific analyses, the simplest model that fitted the data was also the model which had an interaction between GP, Diabetes Centre and Hospital Admission lists. When data were further divided into age groups, the interaction between lists diminished. The simplest model that fitted most age group data was the model in which there was no interaction between lists.
If lists are dependent, three choices can be made: to discard the lists, to combine them, or to use log-linear modelling. 14 In our study, we combined several lists to produce three lists for CR, which we believe is appropriate in a medical setting, because of difficulties in finding other independent and reliable lists, and also because calculations are simpler. However, even combined three-list CR cannot entirely remove dependency problems, and thus the use of log-linear modelling is vital to overcome such difficulties.
In summary, our analysis has shown that relatively few patient identifiers are needed to match patients in the lists used for CR in Western populations. 22, 23 Full name and date of birth appear sufficient, though of course a unique identification number (such as national insurance number or social security code) would make identification much simpler. Our data suggest that three lists are sufficient. Interdependence is still a potential problem, but appropriate combination of lists and log-linear modelling can overcome this. Complex analysis of more than three lists does not appear to add more precision to estimates of population size. The narrow CI of numbers of cases and prevalence estimates we obtained would appear to support this. Although we have concerned ourselves specifically with the enumeration of a diabetic population, we believe that our findings are applicable to the use of CR methods in other medical areas.
